1. Introduction {#s0005}
===============

Depression is the most prevalent mental disorder affecting about 13.5--21.2% of people during their lifetime ([@bb0095]). Direct costs to Europe represent 1% of its total economy and the overall depression burden is estimated at €118 billion ([@bb0220]). Depression is also the second largest cause globally for years lived with disability and the leading cause of disability for ages 15--39 ([@bb0235]). This substantial overall disease burden is further compounded by depression high relapse rates. After experiencing a first lifetime depressive episode, about 50 to 60% of people would develop a second episode ([@bb0015], [@bb0130]). The risk of depression relapse increases with each consecutive episode: about 70% relapse after a second episode and 90% relapse after a third episode. Estimated median of lifetime recurrence is 6 episodes with affected individuals spending about 21% of their life being depressed ([@bb0020]). Recurring episodes are also associated with increasing risk of chronic depression, occurring when an episode does not remit for two years, and with an increased risk for dementia ([@bb0165]).

Beyond mental and physical health issues, depression is associated with significant neurocognitive dysfunction. Numerous meta-analyses have demonstrated deficits in alertness, processing speed, sustained attention, memory and executive functioning (e.g., [@bb0005], [@bb0060], [@bb0190]). Empirical evidence further suggest that these neurocognitive deficits may worsen with repeated depressive episodes (e.g., [@bb0080], [@bb0230]), represent a significant predictor of relapse (e.g., [@bb0180]), and lead to reduced quality of life (e.g., [@bb0110]). Recent systematic reviews and meta-analyses show that, despite successful treatment (antidepressant medication and/or psychotherapy), these neurocognitive difficulties often persist following depression remission ([@bb0030], [@bb0100]). Moreover, for some functions, this persistence of deficits following remission is already observable after recovery from a first episode of depression ([@bb0005]). There is a growing consensus that neurocognitive impairment in depression cannot be fully explained by the presence or severity of mood symptoms ([@bb0030], [@bb0190]). Therefore, improving neurocognition should be considered a key treatment goal while aiming at clinical remission, optimised recovery likelihood and relapse prevention. One such approach to therapeutically target these deficits is neurocognitive remediation therapy (NCRT).

NCRT involves the behavioural application of structured exercises with the aim of improving targeted neurocognitive processes (e.g., attention, memory) by mobilising brain plasticity that is the brain\'s ability to adjust its functions and connections in response to environmental change ([@bb0185]). NCRT has demonstrated efficacy to remediate neurocognitive impairment in diverse groups of patients with neurological (e.g., for stroke, see [@bb0050]) or psychiatric conditions (e.g., for schizophrenia, see [@bb0260]; for bipolar disorder, see [@bb0175]). When computerised and non-computersied versions are compared, no significant differences in efficacy are usually found (e.g., [@bb0200], [@bb0260]).

In the last ten years, several research groups have explored computerised NCRT for improving cognitive function in depression (e.g., [@bb0065], [@bb0145]). A recent systematic review and meta-analysis on the effect of computerised NCRT in depression ([@bb0140]) evaluated 9 studies and concluded that this intervention was associated with improved depressed mood, which could not be explained by concurrent treatment. Furthermore, this computerised intervention was associated with significantly improved daily functioning. Relatively to the targeted neurocognitive domains, attention and working memory improved significantly following computerised NCRT, while the small improvements in long-term memory and executive function did not reach statistical significance ([@bb0140]). The main meta-analysis\'s limitation consists in the high heterogeneity of the reviewed studies\' design. More specifically, only five were randomised. From these, two studies ([@bb0045], [@bb0160]) were not using a clinical population with confirmed diagnosis (when this was the case for the remaining 7 meta-analysed studies), but a student population presenting with depressed mood as measured with the Beck Depression Inventory -- II. One further study ([@bb0205]) used concomitant transcranial direct current stimulation (tDCS). For the remaining two randomised studies, the control group was simply continuing receiving treatment as usual ([@bb0035], [@bb0215]). Among the non-randomised observational studies, all four used waiting-list groups as a control condition (see [@bb0140] for details).

To demonstrate robustly computerised NCRT efficacy, studies that are both randomised and use a "component-equivalent" control condition are essential. In fact, observed cognitive improvement following computerised NCRT, relative to a "no-cognitive-activity" control condition, can hypothetically be explained by the individual\'s engagement in mental activities, such as the memory and concentration required to perform computer games or for the interactions with the assisting therapist ([@bb0115]). Among the studies meta-analysed by [@bb0140], only two were both randomised *and* used a "component-equivalent" control condition. However, as detailed above, these were conducted in non-representative samples of the general depression population, namely: students with low mood ([@bb0045]) or patients treated concomitantly with tDCS ([@bb0205]).

A recent randomised study in hospitalised patients with depression comparing computerised NCRT with a "component-equivalent" control, that is, playing computer games ([@bb0210]), partially supported [@bb0140] meta-analysis. More specifically, inpatients receiving 20 one-hour sessions of NCRT showed improved attention, working memory, long-term memory and planning abilities relative to inpatients involved in playing computer games for the same amount of time sessions, but both groups showed similar performance on other executive function measures. However, the improved neurocognitive performance in the NCRT group was not associated with the observed mood improvement and both groups showed equivalent depression severity decrease following the sessions\' end. Here, we aimed to replicate the latter research methodology through a pilot study of patients recovered from depression completing the interventions online in the comfort of their home using the same research protocol as [@bb0210]. Although numerous effective options exist for treating depression during the acute stage, preventing depression relapse remains one of the biggest therapeutic challenges in the field ([@bb0130]). It is recognised that following successful therapy, depression relapse rates range from 50 to 80% once acute treatment is discontinued and 23--51% with continued treatment ([@bb0020]). Given that neurocognitive difficulties are important predictors of depression relapse, target online NCRT could be helpful as adjunct to existing preventative therapies if reliably proven to improve targeted neurocognitive functions.

This study was planned and conducted according to recommendations for good practice in high quality randomised trial piloting design ([@bb0120]). It aimed to pilot the use of online NCRT as a connected intervention tool to improve cognition in community-living individuals with a history of at least one major depressive episode and survey participants\' attitudes towards this intervention. Specific objectives were:1.To collect feasibility data regarding recruitment rates, intervention adherence, retention rates and acceptance of randomisation in preparation for a full-scale randomised controlled rater-blinded trial assessing the effectiveness of online NCRT for improving cognition in recurrent depression;2.To obtain preliminary data on the effectiveness of online NCRT as a connected intervention tool to improve targeted neurocognitive function (i.e., divided attention, working memory and planning);3.To quantitatively explore participants\' attitudes and expectations and experience relative to computerised NCRT as a connected intervention tool.4.To compare the NCRT outcomes obtained in depression remitters to the results from [@bb0210] obtained in inpatients treated for acute depression.

2. Methods {#s0010}
==========

Recommendations for good practice in randomised trials piloting design ([@bb0120]) were followed for the development and analysis of the present research. Published guidelines for reporting the results of pilot investigation in preparation of RCTs using the Consolidated Standards of Reporting Trials were used ([@bb0225]).

2.1. Participants and procedure {#s0015}
-------------------------------

This pilot has received ethical approval from the Irish College of General Practitioners. Forty four local general practitioners (GPs) were contacted for participation in this pilot. Seven GPs agreed to participate. Based on our inclusion/exclusion criteria (see below), they referred, over a period of four months (17 weeks), 132 potentially eligible participants. More specifically, each GP referred patients who s/he has treated for depression in the past four years but who the GP now considered clinically remitted from depression. All 132 referred patients were approached to participate in the study through postal invitation containing the Information Sheet and 34 of them contacted us back. These 34 patients were assessed at the University of Limerick against the inclusion/exclusion criteria detailed below, Twenty two patients met the inclusion criteria and were randomised to receive either cNCRT (*n* = 11) or complete online computer games (*n* = 11) for 20 one-hour sessions. See flow-chart of recruitment in [Fig. 1](#f0005){ref-type="fig"}.Fig. 1Flow chart of participants\' screening, recruitment, treatment adherence and assessment completion.Fig. 1

In terms of inclusion criteria, the study targeted community-living participants aged 18 to 65, with a past history of at least one major depressive episode (MDE) as confirmed with the Structured Clinical Interview for DSM-IV disorders ([@bb0070]), but currently in remission. Remission was defined as participant having: 1) *not* fulfilled criteria for a MDE ([@bb0070]) for at least 8 weeks; and 2) obtained a score of 7 or less on the 17-item Hamilton Rating Scale for Depression (HDRS-17) upon recruitment. All participants provided informed written consent to enter the study. Exclusion criteria were: another current or past Axis I diagnosis; alcohol or other substance abuse in the previous six months; treatment with electroconvulsive therapy in the previous 12 months; neurological disorder; history of head injury with loss of consciousness, a major sensory or motor deficit preventing standard computer use; and lack of computer or the internet access at the participant\'s residence.

Following recruitment, a standardised battery including neurocognitive tests, depression severity assessments and questionnaires relative to computer expertise and attitudes towards the online interventions was administered face-to-face at the University of Limerick (UL, Department of Psychology) by an evaluator blinded to the treatment arms. The administration time of the battery varied between 40 and 60 min, depending on the participant\'s performance and/or need for breaks in-between the tests. Participants were then randomised to either receive online NCRT or complete online computer games for five weeks with 4 one-hour individual sessions weekly (20 sessions overall). Allocation to each intervention arm was stratified by gender and generated by pre-programmed command with the statistical package R ([@bb0255]). During the intervention period, each participant, regardless of group allocation, received four times a week, on different, random days/times a reminder to complete their four weekly one-hour sessions. This was performed through programmed online webtexts sent from the pilot\'s mobile phone web account. Within three days of the final session, the standardised battery was again administered face-to-face at the UL Department of Psychology by an evaluator blinded to the intervention condition.

2.2. Intervention arms {#s0020}
----------------------

*RehaCom* (Hasomed, Germany), an online computerised intervention package was used for NCRT. Following allocation to the treatment arm, participants received an e-mail that contained a weblink for downloading *RehaCom* on their computer, along with their assigned username and personal password needed for accessing prescribed sessions. We used the same six *RehaCom* procedures as in [@bb0210], namely, the *Divided Attention* (1&2), *Verbal Memory*, *Figural memory*, *Shopping* and *Plan a day*. These procedures were selected as targeting remediation of neurocognitive domains known to be impaired in depression, that is selective and divided attention, visual and verbal working memory, and everyday planning ([@bb0005], [@bb0095]). Each procedure has multiple levels of difficulty. The number of levels varied from 14 (*Divided Attention 1*) to 55 (*Plan a day*). *Shopping* had 18 levels, while *Divided Attention 2*, *Figural memory* and *Verbal Memory* had, respectively, 22, 27 and 30 levels.

Participants need to achieve specific success rates to progress to the next level within each procedure. Each individual progresses at her/his own pace and is brought back to a lower level if s/he fails to achieve the success requirements of a given level. Within each 60-minute session, the participant initially completes three of these procedures for twenty minutes each. The procedures\' administration order and the initial start level within each procedure were standardised. For example, the first session always begins with 20 min of *Verbal Memory*, starting at level 3, followed by 20 min of *Divided attention* 1, starting at level 3 and followed by 20 min of *Shopping*, starting at level 1. However, the progression from one level to the next depends on each participant\'s pace. Thus, although the procedures\' administration order and initial levels are standardised, subsequent levels for each procedure are determined by each individual\'s previous level of achievement. See [Table 1](#t0005){ref-type="table"} for details on the components and duration of each of the 20 *RehaCom* one-hour sessions prescribed for participants in the oNCRT group.Table 1Components and duration of each of the 20 RehaCom one-hour sessions prescribed for participants in the oNCRT group.Table 1Week 1Week 2Week 3Week 4Week 5Session 1Session 5Session 9Session 13Session 17Verbal Memory (20 min)\
 start at level 3\
Divided Attention 1 (20 min)\
 start at level 3\
Shopping (20 min)\
 start at level 1Verbal Memory (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 (20 min)[a](#tf0005){ref-type="table-fn"}\
Shopping (20 min)[a](#tf0005){ref-type="table-fn"}Verbal Memory (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 OR 2 (20 min)[a](#tf0005){ref-type="table-fn"}\
Shopping (20 min)[a](#tf0005){ref-type="table-fn"}Verbal Memory (30 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 OR 2 (30 min)[a](#tf0005){ref-type="table-fn"}Verbal Memory (30 min)[a](#tf0005){ref-type="table-fn"}\
Shopping (30 min)[a](#tf0005){ref-type="table-fn"}Session 2Session 6Session 10Session 14Session 18Figural memory (20 min)\
 start at level 3\
Divided Attention 1 (20 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (20 min)\
 start at level 1Figural memory (20 min):[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 (20 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (20 min)[a](#tf0005){ref-type="table-fn"}Figural memory (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 OR 2 (20 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (20 min)[a](#tf0005){ref-type="table-fn"}Shopping (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 OR 2 (20 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (20 min)[a](#tf0005){ref-type="table-fn"}Divided Attention 1 OR 2 (30 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (30 min)[a](#tf0005){ref-type="table-fn"}Session 3Session 7Session 11Session 15Session 19Verbal Memory (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 (20 min)[a](#tf0005){ref-type="table-fn"}\
Shopping (20 min)[a](#tf0005){ref-type="table-fn"}Verbal Memory (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 (20 min)[a](#tf0005){ref-type="table-fn"}\
[OR]{.ul} Divided Attention 2\
start at level 1\
Shopping (20 min)[a](#tf0005){ref-type="table-fn"}Verbal Memory (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 OR 2 (20 min)[a](#tf0005){ref-type="table-fn"}\
Shopping (20 min)[a](#tf0005){ref-type="table-fn"}Verbal Memory (30 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 OR 2 (30 min)[a](#tf0005){ref-type="table-fn"}Verbal Memory (30 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 OR 2 (30 min)[a](#tf0005){ref-type="table-fn"}Session 4Session 8Session 12Session 16Session 20Figural memory (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 (20 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (20 min)[a](#tf0005){ref-type="table-fn"}Figural memory (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 [OR]{.ul} 2 (20 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (20 min)[a](#tf0005){ref-type="table-fn"}Figural memory (20 min)[a](#tf0005){ref-type="table-fn"}\
Divided Attention 1 OR 2 (20 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (20 min)[a](#tf0005){ref-type="table-fn"}Divided Attention 1 OR 2 (30 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (30 min)[a](#tf0005){ref-type="table-fn"}Divided Attention 1 OR 2 (30 min)[a](#tf0005){ref-type="table-fn"}\
Plan a day (30 min)[a](#tf0005){ref-type="table-fn"}[^1][^2]

*RehaCom* collects data relevant to participant adherence, including but not limited to length of time spent on each level of a procedure, number of errors, type of errors, and reaction times to targets. These data were collected but not analysed. Adherence was measured as a dichotomous variable: ether completed full session or did not complete full session. For example, if a participant started a session, but discontinued before completing the 60 min, this was coded as non completion. The participant could however start over this session the next day or later.

The computer game condition involved performing online games requiring selective attention, using strategy and remembering cues, such as puzzles or avoiding monsters in a labyrinth (e.g., [@bb0075], [@bb0250]). Within each 60-minute session, the participants were engaged in at least two and no more than three different games of their choice among eight different online games. The link that was sent to the participants in the game condition did not allow them to play more than four different games per week, but they still had the choice among the original eight at the start of each week. These online games also have different levels of difficulty that varied depending on the participant\'s performance. The time spent on each game was left to the participant, but they were required to spend at least ten minutes on a given game. Each participant also kept a log of number of games played within each session and time spent at each game.

2.3. Outcome measures {#s0025}
---------------------

Upon recruitment, the National Adult Reading Test ([@bb0150]) was used to estimate premorbid intellectual functioning and the Computer Proficiency Scale (CPS, [@bb0025]) to quantify participant\'s level of computer use and expertise. The CPS contains 20 items, each scored on a 0 to 3 points Likert scale. Total score varies from 0 to 60, with a score of 0--29 suggesting little computer/internet proficiency; 30 to 45 suggesting regular use, but below average proficiency, 46 to 55: average computer/internet proficiency and above 55: above average computer/internet proficiency. Neurocognitive functioning was assessed by a standardised battery including the same validated neuropsychological tests as administered to inpatients\' in the previous study ([@bb0210]). These included: the Digit Symbol Substitution ([@bb0240]) to assess psychomotor processing speed; the d2 Selective attention test ([@bb0040]) for divided attention, the Digit Span Forward ([@bb0240]) for auditory attention; the Digit Span Backward ([@bb0240]) for verbal working memory; the Logical memory-I&II ([@bb0245]) for, respectively, verbal learning and retention; the Rey-Osterrieth Complex Figures (ROCF, [@bb0155]) for visual learning (ROCF Immediate Recall) and retention (ROCF Delayed Recall); and the following Delis-Kaplan Executive Function System\'s (DE-KEFS, [@bb0055]) subtests: for the assessment of the following executive functions: Verbal Fluency (three consecutive categories) for self-regulation under external constraints, Fluency Switching for mental flexibility, Towers for planning, and 20-Questions for abstract thinking. Alternative versions to control for practice effects were used at Post-Treatment for all neuropsychological tests. These tests are known to measure neurocognitive functions affected by a major depressive episode ([@bb0125]). Severity of depressive symptomatology was assessed objectively with the 17-item Hamilton Depression Rating Scale (HRSD; [@bb0090]) and subjectively with the Beck Depression Inventory-II (BDI-II; [@bb0010]) to control for the contribution of mood on observed outcomes. Additionally, to control for the influence of participants\' attitudes and expectations of online NCRT on the observed outcomes, the Psychotherapy Expectations, Concerns and Hopes Inventory ([@bb0135]) was administered both before randomisation and at the end of the treatment period. More specifically, scores on the "Hope" (about daily life improvement attributable to the intervention), the "Skill Acquisition" (expectations of the intervention) and "Scepticism" (towards online NCRT) subscales were extracted.

3. Results {#s0030}
==========

3.1. Feasibility study {#s0035}
----------------------

As detailed in the procedure subsection of the Methods, 132 potentially eligible participants, as identified by their GP over 17 weeks, were invited to participate. Twenty six percent (*n* = 34) agreed to participate and from these, 65% (*n* = 22) met the inclusion criteria, corresponding to an average recruitment rates of 1.3 participants per week. None of the participants were receiving psychotherapy at the time of recruitment; however 50% were taking antidepressants (see [Table 2](#t0010){ref-type="table"} for details).Table 2Samples\' characteristics: demographic, pre-treatment neurocognitive, depressive symptom expression and attitudes/expectations towards online NCRT data presented as means and standard deviations.Table 2NCRT group (*n* = 11)Games (*n* = 11)Difference between groups*t*~(20)~*p*Age45.9 (6.7)46.9 (9.3)0.290.78Gender ratio women/men (% women)9/2 (82%)9/2 (82%)----Education (years)12.3 (1.5)11.2 (2.2)1.420.17Number of episodes2.81 (1.3)2.9 (3.2)0.0880.93Time in remission (months)23.3 (14.0)17.2 (14.4)1.010.33Current medication (number of participants) No medication65---- Selective serotonin reuptake inhibitors (escitalopram vs citalopram vs sertraline)4\
(3 vs 1 vs 0)6\
(5 vs 0 vs 1)---- Selective serotonin and norepinephrine reuptake inhibitors (venlafaxine)10----Boot Computer Proficiency Scale52.1 (6.7)51.7 (10.7)0.100.93NART-IQ105.6 (7.4)103.4 (5.9)0.800.43Digit Symbol Substitution (WAIS-III)71.4 (17.8)60.8 (24.4)1.160.26d2 Selective Attention Test: Total correct434.0 (77.9)378.5 (87.5)1.540.14Digit Span Forward (WAIS-III)10.5 (2.5)9.8 (2.3)0.620.54Digit Span Backward (WAIS-III)6.2 (2.0)5.9 (2.0)0.320.75Logical Memory-I: Total (WMS-III)45.0 (11.6)36.8 (15.2)1.420.17Logical Memory-II: % retention (WMS-III)84.9 (6.8)81.1 (11.8)0.930.37ROCF immediate recall20.3 (5.7)16.0 (7.6)1.520.15ROCF delayed recall18.7 (6.1)14.8 (6.5)1.450.16Towers (D-KEFS)16.0 (3.6)15.1 (3.0)0.650.53Verbal fluency (D-KEFS)39.0 (8.0)38.5 (8.5)0.160.88Fluency Switching (D-KEFS)14.3 (3.2)11.8 (3.3)1.780.09120-questions (D-KEFS)11.0 (1.8)9.6 (3.7)1.100.28Hamilton Depression Rating Scale4.5 (2.3)4.0 (2.8)0.500.62Beck Depression Inventory-II7.7 (3.2)5.1 (4.1)1.690.11PECHI hope29.6 (17.0)26.8 (8.8)0.47[a](#tf0010){ref-type="table-fn"}0.64PECHI expectations of skill acquisition11.6 (3.8)12.2 (2.0)0.42[a](#tf0010){ref-type="table-fn"}0.68PECHI scepticism towards intervention3.63 (3.4)3.5 (3.9)0.086[a](#tf0010){ref-type="table-fn"}0.93[^3][^4]

Twenty-two participants (Mean age = 46.4, Standard Deviation \[SD\] = 7.9, range 31--65; 18 women, 4 men) were thus randomised to receive either NCRT or complete computer games for 20 one-hour sessions. There was no difference between the two groups in terms of age or levels of computer and internet use (see [Table 2](#t0010){ref-type="table"}). Acceptance of randomisation was excellent: no participant refused their assigned treatment allocation. The adherence to the prescribed sessions was excellent: participants completed 417 of 440 prescribed sessions; thus, overall, 95% of all sessions were completed as prescribed. More specifically, 17 participants (77%) completed all 20 sessions and 95% of participants completed at least 75% of the assigned sessions. See [Fig. 1](#f0005){ref-type="fig"} for details on completion rates per group. Mean number of completed sessions was 18.95 (SD = 2.4) and there was no difference in adherence to the assigned session between the two groups: NCRT Mean = 19.0 (SD = 2.0); Games Mean = 18.91 (SD = 2.8); *t*~(20)~ = 0.088, *p* = 0.93. Twenty one participants returned to complete the post-intervention outcome assessment leading to an overall 95% pilot completion rate.

3.2. Pilot online NCRT effectiveness assessment {#s0040}
-----------------------------------------------

[Table 2](#t0010){ref-type="table"} presents the Pre-Treatment results of the two groups. Both groups\' average Pre-Treatment performance was inferior to published normative samples mean on all neurocognitive tests, with the exception of performance on Verbal Fluency and 20-questions. Post-Treatment outcome data were obtained for 21 of the 22 initially recruited participants.

Similarly to the study conducted in hospitalised patients with depression ([@bb0210]) and results from previous studies involving regular game playing in non-clinical samples ([@bb0085]), it was expected that both the online NCRT and online games groups might improve on tests involving speed of processing and/or attention control. Furthermore, in line with the inpatient study, it was also expected that at the end of the intervention period, the NCRT group would have improved significantly more than the games group in their performance on neurocognitive tests measuring functions targeted by the NCRT (i.e., divided attention, visual and verbal working memory, and everyday planning). No significant between-groups differences in improvement on the other neurocognitive tests were expected.

Effects of treatment group (NCRT; Games) and time (Pre-Treatment; Post-Treatment) on neurocognitive performance were tested with 2 × 2 repeated measures analyses of variance (ANOVAs). Before conducting the between-groups ANOVAs, depression severity was investigated as possible covariate of neurocognitive performance. For this, at both time points, Pearson correlations explored the possible association between depression severity and neurocognitive performance. No significant correlations were found: at Pre-Treatment, all *p*-values were above 0.08, at Post-Treatment: *p* \> 0.11. See [Table 3](#t0015){ref-type="table"} for results on both groups\' Post-Treatment performance and between-groups ANOVAs.Table 3Post-treatment neurocognitive and depressive symptom expression data presented as Means, Standard Deviations and repeated-measures ANOVAs results.Table 3NCRT group (*n* = 11)Games (*n* = 10)Effect of timeEffect of groupTime × group interaction*F* (1,19)*pF* (1, 19)*pF* (1,19)*p*Digit Symbol Substitution75.3 (14.9)67.9 (22.0)14.950.0010.720.410.0460.83d2 Selective Attention501.1 (66.1)403.0 (86.6)28.99\< 0.0015.440.0317.050.016Digit Span Forward11.3 (2.1)9.8 (1.7)1.770.191.450.241.770.20Digit Span Backward8.0 (2.9)5.7 (1.7)7.90.0112.050.1711.810.003Logical Memory-I: Total45.5 (8.9)37.1 (10.6)0.0530.823.010.0980.0030.96Logical Memory-II: % retention94.5 (7.7)78.4 (13.6)4.460.0475.870.02514.360.001ROCF immediate recall22.2 (5.2)18.7 (5.3)10.510.0041.820.190.460.51ROCF delayed recall22.1 (5.5)16.9 (6.4)7.060.0162.800.111.420.25Towers22.0 (2.9)15.9 (2.8)46.64\< 0.0018.240.00926.9\< 0.001Verbal Fluency42.2 (6.0)39.6 (4.4)3.540.0740.330.570.740.40Fluency Switching17.4 (4.3)12.0 (3.0)9.170.0077.970.0117.240.01420-questions11.2 (1.33)10.4 (3.4)1.980.170.930.350.710.41Hamilton Depression Rating Scale5.5 (4.0)5.0 (4.8)1.220.280.160.700.0030.96Beck Depression Inventory-II8.3 (7.6)7.3 (8.6)0.850.370.660.430.310.59

Consistent with our hypotheses, the NCRT group improved significantly more than the Games group on the tests of divided attention (d2 Test), verbal working memory (Digit Span Backward) and planning (D-KEFS *Towers*). However, both groups improved equally on the tests of visual working memory (ROCF immediate recall). Furthermore, the NCRT group significantly out-performed the Games group in delayed verbal memory retention (WMS-III Logical Memory-II) and in switching organisation of own thinking (D-KEFS Category Switching fluency). Both groups improved equally in their performance on the tests of psychomotor speed (Digit Symbol Substitution), Verbal Category Fluency and delayed visual memory (ROCF delayed recall). Neither group showed a significant change in performance on abstract thinking (20 questions).

3.3. Effect of individual\'s attitudes, expectations and experience of online NCRT on neurocognitive performance {#s0045}
----------------------------------------------------------------------------------------------------------------

One participant from the Games group declined to complete this questionnaire. There were no significant pre-randomisation differences between the two groups in terms of hopes about daily life improvement, expectations of skill acquisition or scepticism towards online NCRT as a connected intervention tool (see [Table 2](#t0010){ref-type="table"}). The possibility that higher expectations towards the NCRT might increase the difference in neurocognitive performance between the two groups was explored through Persons correlations between change in neurocognitive performance, and both Pre- and Post-Treatment scores on the three PECHI sub-scales. No significant correlations were observed with all *p*-values \> 0.18.

3.4. Post-hoc assessment of the effect of clinical status on neurocognitive performance {#s0050}
---------------------------------------------------------------------------------------

The present pilot aimed using the same protocol administered by [@bb0210] in a pilot study of individuals recovered from depression who completed the interventions online in the comfort of their home. Therefore, it was possible to conduct post-hoc analyses comparing the two samples. To explore the effect of clinical status on change in neurocognitive performance (Post-Treatment--Pre-Treatment), 2 × 2 ANOVAs of the effects of clinical status (depressed vs remitted) and treatment group (NCRT; games) were conducted on all neurocognitive variables. The effect of the intervention group was overall consistent with the above-described Results\' [Section 3.2](#s0040){ref-type="sec"}, namely a significant effect of group, with the NCRT games performing better than the Games group, was observed on divided attention: *F*(1, 35) = 13.88, *p* = 0.001, verbal working memory: *F*(1, 36) = 16.63, *p* \< 0.001, delayed verbal memory: *F*(1, 36) = 18.08, *p* \< 0.001, planning: *F*(1, 36) = 26.23, *p* \< 0.001, and Switching Fluency: *F*(1, 36) = 20.03, *p* \< 0.001. There was additionally a group effect on both working and delayed visual memory: *F*(1, 35) = 24.43, *p* \< 0.001 and *F*(1, 35) = 21.23, *p* \< 0.001, respectively. The latter was possibly partly due to the fact that currently depressed participants in the NCRT group improved significantly more than the Games group on these variables. Indeed, there was an effect of clinical status on working visual memory: *F*(1, 35) = 21.07, *p* \< 0.001. Furthermore, there was an interaction between treatment group and clinical status on both these visual variables (*F*(1, 35) = 18.10, *p* \< 0.001 for ROCF immediate recall and *F*(1, 35) = 9.58, *p* = 0.004 for ROCF delayed recall), with participants that were acutely depressed when receiving NCRT beneficiating significantly more from this intervention than participants who were in remission. There were no other treatment versus clinical status significant interactions (all other *p*-values \> 0.26).

4. Discussion {#s0055}
=============

The present study aimed to assess the feasibility of conducting a randomised study of online neurocognitive remediation therapy (NCRT) in community-living, currently remitted, individuals with a history of depression, collect preliminary data on its effectiveness to improve neurocognitive function in this population, explore the potential contribution of participants attitudes and expectations to the observed results, and compare these depression-remission outcomes to results previously obtained in acutely depressed individuals treated with NCRT.

Overall, the present pilot results are very satisfactory and add to the growing empirical support of the NCRT benefits as an adjunct to usual treatment in individuals with a history of depression. Recruitment rates for the study were very good and compliance rates: excellent. Compliance rates (95%) were better that the ones observed in the inpatients\' study (62%), and appeared superior to adherence/retention rates reported in meta-analyses of similar studies ranged from 63% to 67% ([@bb0105], [@bb0195]). This finding could suggest that providing the possibility to complete the intervention at home during times most convenient to the individual optimises adherence. Expectations towards the intervention in terms of acquiring new skill or daily life improvement varied across individuals, but did not appear to influence adherence or neurocognitive outcome results. Indeed, no significant correlations were found between the three PECHI variables, compliance rates and neurocognitive tests performance.

Neurocognitive outcomes are consistent with previous studies involving the assessment of computerised NCRT in individuals with depression. More specifically, in line with [@bb0140] meta-analysis, improvement in targeted divided attention and verbal working memory were observed. The improved visual working memory that was observed in the parent study in inpatients was not observed in depression remitters, despite this function being also targeted by the intervention. Visual working memory deficits observed during a depressive episode are usually small (e.g., [@bb0190]). Existing meta-analyses in depression remission have not reported on this function due to insufficient studies measuring it following a depressive episode (e.g., [@bb0030]). From these reviews, we could speculate that, possibly, visual working memory is not adversely affected by depression once remission is achieved. A potential clinical implication of the current results in light of existing literature would be to only therapeutically target visual memory during a depressive episode or if specific impairments in this neurocognitive function were observed during remission. A full-scale randomised controlled trial could further test this hypothesis.

Our NCRT programme did not target delayed memory and yet this intervention was associated with better long-term retention of verbal material in the group receiving it relative to the Games group. The same pattern was observed in the inpatients\' study ([@bb0210]), giving further support to the hypothesis of possible generalisability of the targeted NCRT effects. More specifically, improving, through a targeted intervention, verbal working memory may lead to a better verbal encoding and, consequently, better long-term retention of the material.

Contrary to [@bb0140] meta-analytical results, the present study did not find an association between depressive symptoms and neurocognitive improvement or between depressive symptoms and NCRT. However, these findings observed during depression remission were in line with the previous randomised study in patients hospitalised for depression ([@bb0210]). Differences in research design between our protocol and most of the meta-analysed studies might explain these discrepancies. Indeed, most of the meta-analysed studies used a waiting list or treatment as usual as a control condition, that is, without any therapist contact or other equivalent in time commitment mental activities (e.g., [@bb0145], [@bb0215]). Therefore, we can speculate that the gains observed in participants\' mood symptoms following the intervention were possibly due to the interactions with the NCRT therapists and/or the simple activation obtained by engaging in additional purposeful mental activities that was not available to participants in the control group. In the present study, both group engaged for a similar amount of time in a mental activity involving a computer, which might have removed this non-specific to the intervention effect on participants\' mood. A larger randomised controlled trial comparing NCRT to two independent other arms (i.e., treatment as usual and an active control) could further evaluate the usefulness of NCRT as mood enhancer. Another hypothesis would be that NCRT improves neurocognitive independently from mood variations.

The present pilot evaluated if targeted NCRT could improve neurocognitive functioning in individuals remitted from depression. This study did not include an assessment of daily functioning or a follow-up assessment. These represent the main limitations of the study\'s protocol, as it forebode evaluating if neurocognitive could improvements generalise to everyday function and if observed gains persisted. Furthermore, significant findings from pilot studies should be considered only as very preliminary and the temptation of over-interpreting them should be avoided ([@bb0120]). However, the study added to the growing body of evidence in favour of computerised NCRT for depression through a robust randomised, active-control, research design demonstrating its potential efficacy to improve specifically neurocognition during remission. An adequately powered full-scale randomised controlled trial with long-term follow-ups needs to establish if these neurocognitive benefits generalise to everyday function as suggested by [@bb0140] and/or persist with the passage of time. Such golden-standard high level empirical evidence could lead to the implementation of computerised NCRT as a neurocognitive enhancer add-on to the usual mood-focused treatments, but also as a preventative connected intervention tool.
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[^1]: Note: If constant progression with no errors, *Divided Attention 1* can be completed in 6 sessions; once the 14th level of *Divided Attention 1* is completed *Divided Attention 2* is introduced.

[^2]: Starting level on the session depends on the participant\'s level achieved at the end of the previous session involving this component.

[^3]: **D-KEFS** Delis-Kaplan Executive Function System ([@bb0055]); **NART-IQ** National Adult Reading Test estimated Intellectual Quotient ([@bb0150]); **PECHI** Psychotherapy Expectations, Concerns and Hopes Inventory ([@bb0135]); **ROCF** Rey-Osterrieth Complex Figures ([@bb0155]); **WAIS-III** Wechsler Adult Intelligence Scale-III ([@bb0240]); **WMS-III** Wechsler Memory Scale-III ([@bb0245]).

[^4]: df = 19, one participant from the game group declined completing the questionnaire.
